Semipermeable Functional DNA-Encapsulated Nanocapsules as Protective Bioreactors for Biosensing in Living Cells.
The development of functional DNA-based nanosensors in living cells has experienced some design challenges, including, for example, poor cellular uptake, rapid nuclease degradation, and high false positives. Herein, we designed selectively permeable poly(methacrylic acid) (PMA) nanocapsules to encapsulate functional DNAs for metal ions and small-molecules sensing in living cells. Since functional DNAs are concentrated in the nanocapsules, an increasing reaction rate is obtained in vitro. During endocytosis, polymeric capsules simultaneously improve cellular uptake of functional DNAs and preserve their structural integrity inside the confined capsule space. More importantly, selective shell permeability allows for the free diffusion of small molecular targets through capsule shells but limits the diffusion of large biomolecules, such as nuclease and nonspecific protein. Compared to the free DNAzyme, PMA nanocapsules could reduce false positives and enhance detection accuracy. Furthermore, PMA nanocapsules are biocompatible and biodegradable. Through the controllability of wall thickness, permeability, and size distribution, these nanocapsules could be expanded easily to other targets, such as microRNAs, small peptides, and metabolites. These nanocapsules will pave the way for in situ monitoring of various biological processes in living cells and in vivo.